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Currently, various culture-based tests are used extensively in clinical
practice to diagnose catheter colonization. These diagnostic tests have
been used for decades disregard the overall limitations of the culture-
based techniques. Many fastidious bacteria are unable to be cultivated in
laboratory conditions and would lead to false-negative results. Moreover,
culture-based techniques take up to 72 hours to report full identification
and antibiotic susceptibility. Each hour delay in administrating an
appropriate treatment for septic shock patients can significantly decrease
survival chance (3). These observations and others call for alternative
rapid and reliable methods to diagnose bacterial colonization on catheters.
Culture-independent techniques such as real-time PCR are increasingly
used in clinical microbiology, but as yet are not widely applied on catheter.
Real-time PCR have the capacity to detect and quantify low quantities of
nucleic acid material in a wide range of samples, and the multiplex
capability makes the technology more attractive to be used in different
settings (2, 4). Hence the aim of this study was to develop three novel
duplex real-time PCR assays targeting the common catheter colonizers all
comprising internal positive control (IPC) to accurately quantify and rapidly
report the results.
Background: Current culture-based tests to diagnose catheter related infections (CRIs)
have several limitations. For example, the roll-plate method only detects microorganisms
on the outer surface of catheters. Our aim was to develop novel real-time PCR assays for
the detection of bacterial colonization of catheters.
Methods: Three novel LUX real-time PCR assays were developed to detect
Staphylococcus spp (SE), Pseudomonas aeruginosa (PS) and Stenotrophomonas
maltophilia (SM), which commonly colonize catheters. Cycle threshold values and melting
curve analyses (MCA) were performed immediately after PCR completion. The sensitivity
of the assays was compared to standard methods using an in-vitro model of catheter
colonization. The results were also compared to a third method that measured
bioluminescence of a recombinant strain of S. aureus. DNA isolated from 27 clinically
derived catheters that were examined previously by the roll-plate method were tested
using the real-time PCR assays.
Results: All real-time PCR assays were able to detect as few as 10 chromosomal copies
per reaction. The DNA copy number detected using the real-time PCR assays was similar
to the colony-forming units detected on catheter through bioluminescent detection. Both
of these assays were significantly more sensitive than a standard culture based method.
Collectively the three real-time PCR assays detected bacteria on more clinically derived
catheters (18/44) than the roll-plate test (5/44). Positive results were also observed from
DNA extracted from the inner surfaces of six catheters. The SE assay was able to detect
several Staphylococcus spp. The PS assay reported positive results with genomic DNA
of SM, however, MCA distinguished specific from nonspecific molecules (melting
temperatures PA= 83.3°C± 0.07, SM= 83.8°C± 0.07).
Conclusions: This study demonstrates that real-time PCR can be used reliably to
identify common catheter colonizers.
Figure 2: Melting curves obtained from specific (P. aeruginosa) and 
non-specific (S. maltophilia) PCR products of the PS assay.  
The three optimized duplex real-time PCR assays were able to
reproducibly detect and quantify from 1,000,000 to 10 chromosomal DNA
copies/reaction. Ct values resulted from detecting10 DNA copies were
selected as cut-off points. The SE assay was able to detect several
Staphylococcus spp including coagulase-negative staphylococci, while the
SM assay was very specific for DNA isolated from S. maltophilia. The PS
assay reported positive result with DNA of P. aeruginosa, but positive
results also occurred when DNA isolated from S. maltophilia was tested
using the same PS assay. However, the PCR products generated from
testing the two different DNA templates showed two different sharp peaks
with 0.5˚C difference in the melting temperatures (Figure 2) .
Conclusion 
Diagnosing catheter colonization is desirable to avoid severe
consequences. This study demonstrates the utility of real-time PCR for
reliably quantifying bacterial cells on catheters. LUX technology is an
ideal candidate to be used in molecular-based tests applied in clinical
microbiology laboratories. These data are preliminary and can be easily
expanded to include other bacterial species, and to test a larger sample
size.
Three duplex real-time PCR assays integrated with IPC (i.e. pGEM
plasmid) were designed and optimized to quantify the 16S rRNA genes of
SE, PS, and SM using light-upon-extension (LUXTM) primers (Invitrogen,
Australia) (Table1). Figure 1outlines the key methodologies used.
Assay name Sequence (5’   3’) Fluorophore
Staphylococcus spp (SE)
cgactaGCGATTCCAGCTTCATATAGTcG FAM
ACCGCGAGGTCAAGCAAATC
P. aeruginosa (PS)
cggtaGGAAACGGGCGCTAATACcG FAM
CTGATAGCGTGAGGTCCGAAGA
S. maltophilia (SM)
cggatGAGTTGCAGACTCCAATCcG FAM
ACGGTAAGCCAATCCCAGAAAC
Internal positive control 
(IPC) pGEM
cggatGTGGTCCTGCAACTTTATCcG JOE
CTTACTCTAGCTTCCCGGCAACA
D-1289
Quantitative results obtained from the sonicated/vortexed catheter
segments using the three duplex real-time PCR assays (SE, PS, and SM)
were significantly higher than CFU resulted from the quantitative culture-
based method. The difference in radiance observed from catheters
colonized with S. aureus Xen 29 using IVIS spectrum camera was similar
to the number of DNA copies detected via the SE assay, and both were
significantly higher than CFU cultured (Figure 2).
Figure 3: comparison between chromosomal DNA determined by 
the three real-time PCR assays, CFU, and estimated 
number of luminescence bacterial cells. 
DNA samples extracted from the clinically withdrawn catheters showed
nine positive results by the SE assay, while only two catheters have been
reported as colonized by mixed coagulase-negative staphylococci and
other two by S. epidermidis (by roll-plate). Seven catheters samples were
PCR identified with PS, but only a single catheter tip grew P. aeruginosa.
S. maltophilia has not been cultured from the clinical catheters. However,
the SM assay detected its DNA from solution extracted from two catheter
tips. Interestingly, two out of nine positive results detected by the SE
assay and two out of seven by the PS assay were originated from DNA
isolated from the internal surfaces of the catheters (Table 2).
Catheter
Identified species by 
the roll-plate methoda
DNA 
extraction
Diagnostic real-time PCR assays
The mean of DNA copies / reaction
SEb PSc SMd
1 Mixed CNS Total 120 - -
2 Mixed CNS Total 200 - -
3 S. epidermidis Total - - -
4 S. epidermidis Total 110 - -
5 P. aeruginosa Total - 127 -
6 - Total 28 - -
7 - Total 47 - -
8 - Total 12 - -
9 - Total 10 - -
10 - Internal 11 - -
11 - Internal 35 - -
12 - Internal - 11 -
13 - Internal - 36 -
14 - Internal - - 13
15 - Internal - - 22
16 - External - 26 -
17 - External - 37 -
18 - External - 13 -
19 - External - 29 -
Total positive n= 5 9 7 2
Evaluation of assay 
with clinically driven 
catheters. n=27
Assay’s evaluation 
on in vitro colonized 
catheter model (1)
Primers design
Assays’ optimisation
Testing assays 
analytical sensitivity, 
specificity and MCV
Figure 1: Illustration of methodologies used.   
Correlation was observed between CFU and luminescence, which was
used to quantify number of bacterial cells colonizing the catheter models
Table 2: Summary of positive results obtained from the clinically derived catheter tips
either by the roll-plate method, real-time PCR assays, or both.
a The samples were examined by the Microbiology Pathology Queensland-Central Lab, RBWH; and pathology results were 
verbally provided. b Duplex SE real-time PCR assay. c Duplex PS real-time PCR assay. d Duple SM real-time PCR assay.
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